This article focuses upon the training of engineers at a factory producing integrated circuits. Inadequate use of statistical process techniques by the engineers meant that the production process was not being optimised in the context of increasing customer requirements. A training needs analysis was undertaken and a training programme was developed, implemented and evaluated. The results of this programme are presented and conclusions drawn.
Introduction
cess analysis is intended for the investigation Performance improvement efforts need to be of process problems and for monitoring and connected to business goals. It is the business optimising the production process. goal of a division of an IC-factory belonging
The automation section, which is responto a global electronics company, to produce sible for the DATA system, had stated that integrated circuits (ICs). The management of DATA was being used by too few of the the division concerned is continuously conengineers and that, when used, it was not fronted with the increasing demands of clibeing employed optimally. The management ents: ICs that meet high quality standards at had the impression that DATA should be a competitive price. more intensively used in order to meet the The production of ICs is a cyclic process ever increasing client requirements. consisting of a large number of operations, This study sought to determine the causes the results of which are measured (where of the problem, how the problem could be possible). The measurements are analysed by classified, and whether there was a need for the process and equipment engineers using training. On the basis of needs analysis, it was concluded that the situation involved a Ì Jan Streumer is Associate Professor in the Departperformance problem for which a solution ment of Curriculum, Faculty of Educational Science had to be found. The needs analysis has also and Technology, University of Twente, Netherlands.
led to a clear description of the need for trainMarie-José Calon is a Project Manager at a large Dutch gramme has been developed, implemented, in the form of in-line and pcm* parameters which offer after-the-fact images of not only and evaluated.
the measured (micro)process, but also the The following questions were central to the entire process as a whole. On the basis of this needs analysis: information, the (sub) process and the process could then be reconsidered. The initial 1. In consideration of the organisational choice for in-line and pcm parameters was goals, are there sufficient reasons to logical, since they measured the wafers themaccept an intensification of the use of selves, thus yielding direct information over DATA? the final product.
Does intensification fit with the target
Increased consideration of available inforgroup's work-methods? mation regarding the production character-3. Can the problem be classified in terms of istics also yield growth in the arena of proskills and attitudes? cess control. Instead of using values to correct the apparatus after-the-fact, the values of the In order to answer these questions, first, the managed parameters were later used to regusystem's possibilities were analysed. Sublate parameter trends and (at critical sequently, it was considered how DATA was moments) implement corrective measures. used in a comparable product division within This manner of process control was given the the same IC-factory; and finally, whether or term 'statistical process control' (SPC). not the task description for the optimal use
In order to perpetuate SPC, insight into the of DATA (developed within the comparable parameter characteristic(s) is essential. Not production division) would be appropriate only is it necessary to be able to judge if a for the target group was considered. Experts pattern or measured value is acceptable, it is in system-technology, process-technology, also necessary to be able to determine if such and statistics were consulted for the system a pattern or measured value requires adjustanalysis and for the description of the optiment of the apparatus. In order to help with mal use of DATA. A definitive description of making these judgements, so-called 'control the optimal use of DATA was compiled by cards' are used. The control card is a graphic means of analysing the tasks of the target in which the trend of measured values is group which have bearing upon the (future) recorded and can be read whenever a point use of DATA. On the basis of these results, falls outside of the pre-established control the decision was made to develop and parameters. If a point falls outside of the conimplement a training programme.
trol parameters, then the cause must be From evaluation of the training, it appears found and adjustments must then be made that the use of DATA has increased signifion the apparatus. cantly. Based on assessment of the trainees'
The above information indicates that SPC reactions, the training appears to have been is a manner of working in which the process judged positively.
is guided via a visual assessment of a pattern The present study is set in a large Dutch or measured values. Adjusting the process is factory where ICs are produced in various then realised by fine tuning (for example) product divisions. An IC can be imagined as equipment settings. a stack of minuscule layers of different Increased knowledge about product materials that form a chain of transistors. The characteristics not only allows a process to be IC is the result of many physical and chemidriven based on SPC, but also a process cal procedures that are performed on a wafer.
which is driven based on the desired paraSince these processes are extremely interdemeters which can unfavourably influence the pendent and interactive, it is necessary to final result. From a technical standpoint, control all stages of production very caremanagement of the source (the apparatus) is fully.
preferred, rather than management of its In earlier years of IC process technology, little knowledge was available about the * Process control modules. After the production of an effect of certain process on its resulting pro-IC the physical properties of the IC are measured. The duct. In order to monitor the process, physical properties of an IC are the result of one or measurable results were sought toward facilimore combinations of online production processes.
tating revision (and improvement) of the proThese processes can be measured by means of parameters.
cess itself. The measurable results were found diversion (the result of the adjustment), assigned to each cluster of procedures. They are responsible for the machinery within the because the former yields more pure information for process control. In addition, cluster and that part of the process with which the cluster is concerned. Process enginmachine parameters can give information about the result of an adjustment which caneers who are responsible for the entire process are active within all of the clusters. not be measured by in-line parameters.
Additional investigation was conducted
Because the overall process is seen as a vertical process, the process engineers within the toward machine parameters which either offer additional forms of the already availclusters are called horizontal process engineers and the others are called vertical process able information about the result of the adjustment, or machine parameters which engineers. There is also a third category of process engineers: yield engineers. They are finally replace the in-line measurements altogether.
responsible for the final yield: the wafer. In order to monitor and guide the production process of ICs, a statistical analysis Problem description system (DATA) was used. DATA is a component of a larger error recognition information Automated Information System operators system, and was used as a tool to support suspected that engineers did not make opti-SPC.
mal use of the DATA system, and that this After all processes have taken place, the was due to the engineers' lack of familiarity final physical properties of the IC are measwith the programme. ured (ie. the resistance of a track). At a later
At the management level, the impression stage, the IC is measured to determine if it had developed that DATA should be used meets the requirements set out in the design more intensively, in order to meet the growspecifications. The parameters which are ing quality requirements of the clients, who measured in this way form the basis for prodemand an ever increasing degree of process cess control and process optimisation.
mastery. It was seen as desirable that the difThrough the use of the DATA system, statferent engineers should work more closely istical analyses can be performed on the data with one another when conducting the procollected about the measured parameters.
cess analysis. The target group desired a situWith the aid of this instrument, it is possible ation in which analyses could be performed to select a batch of ICs based on certain criwithout the involvement of the Automation teria, from which the measured values of section. Until recently, the analysis was actuselected parameters would then be calcually conducted by the system controllers, lated. The user may indicate, for example, who did this on the basis of analysis requests which statistical analysis should be conducfrom the engineers. ted on which measured value (ie. variance In addition to the engineers' unfamiliarity and regression analysis). The results are then with the potential of the DATA analysis sysprinted on control cards, upon which meastem, operators lacked awareness of the proured value patterns become visible. The meacess technology. This, together with insufsured value must remain within critical paraficient documentation to support its use and meters. On the basis of information (such as high staff turnover levels meant that few, if client specifications) this procedure should be any of the remaining process and equipment kept within (increasingly narrower) critical engineering staff fully understood the techniparameters.
cal complexities of the DATA system. The Analyses with DATA may be conducted Automation section therefore suggested with a problem-oriented approach in order to training in use of the DATA system for the determine possible causes when ICs fail to equipment and process engineers to encourmeet the necessary specifications. The analyage their independent use of the analysis sysses can also be performed for preventative tem. purposes, in order to control the production The problem description which serves as a process.
starting point for this study has been formuThe production process of ICs consists of lated as follows: four clusters of procedures: 'oxidation', direct relation with longer term organisational goals was present in both. For the latter, the accent placed upon techniques of information collection was of importance.
Needs analysis
On the basis of earlier research from Kirkpatrick, Schramade distinguishes various lev-A description of the problem was arrived at following consultation with all parties els of needs assessment which are based on the organisational functioning and that of involved (process engineers, automation system operators and management). At the manindividuals and groups within an organisation [3] . Because symptoms of a problem agement level, there was a belief that firstly, more use should be made of the DATA often occur on different levels of an organisation, Schramade advocates conducting analysis facility, and secondly, that engineers should work more closely together on the needs analysis which is specially intended for such situations. The problem must first be analysis, rather than in isolation. Engineers apparently wanted to be able to carry out the localised on one of the levels and subsequently approached from the various levels task of analysis without the involvement of the automation system engineers. Previously, of an organisation in order to determine where the possible sources of the problem lie. analyses had been requested by engineers and carried out by the Automation Section
The levels which are distinguished in his model are: Controllers (ASCs), because the engineers did not have the necessary knowledge of DATA.
1. the external functioning of the organisHowever, since the ASCs did not have the ation or organisational component; relevant engineering knowledge to under-2. the internal functioning of the organisstand precisely what information was ation or organisational component; required, very often the required or most 3. the working behaviour of the personnel; appropriate data was not obtained from this 4. the knowledge, insight, attitude, and arrangement. As a continuation of this conskills of the personnel. sultation, in which many of the opinions and suppositions of the concerned parties were Kaufman employs the OEM-model for conexpressed, it was examined whether there ducting needs assessment and needs analywas actually sufficient reason to intensify the sis. According to Kaufman and Valentine use of the DATA system (eg., is DATA the within the product division, there was too little knowledge of the system and therefore, By using the OEM-model an exact descripgreat value was attached to the most objection of the existing and the desired situation tive picture possible of the existing and the can be given in terms of inputs, processes, desired situations with respect to the use of products, outputs, and outcomes. In this DATA, in order to make a responsible trainmanner, the problem is approached systeming investment.
atically in order to include in the needs In order to conduct the needs analysis in a assessment all of the possible influences on systematic manner, the levels of needs analythe relations between the above-mentioned sis of Schramade, the Organisation Elements factors. Kaufman advocates conducting a Model (OEM-model) of Kaufman, and the needs assessment, the description of the objects and techniques of needs assessment existing and the desired situations in terms of Rossett, were used [1] . In the above-menof the specified factors, and a needs analysis: tioned methods for the conducting of needs an examination of the extent to which there analysis, the problem is approached from difis a good match between the specified factors. fering viewpoints. This is because they are Rossett describes needs analysis as a: used here in an interrelated manner. A similar approach has been used before by Ori and Systematic study of a problem or innovation, incorporating data and opinions from varied Streumer [2] . An important criterion in the sources in order to make effective decisions or recattitudes toward the use of the system and the desired changes? ommendations about what should happen next [5] .
Level 'supplement to the Schramade model': 6. Is there, on the basis of these questions, indication of a training problem and a need for She distinguishes the following research training?
objects: optimal performance or knowledge, 7. How can these be characterised?
actual performance or knowledge, feelings of trainees or significant others, causes of the The preceding questions can be used for the problem from many perspectives, and solinitial approach to the problem. Kaufman's utions to the problem from many perspec-OEM-model is useful for further developtives. She distinguishes four techniques ment of the questions. This model offers the which must be used in order to conduct a possibility of examining the limiting conneeds assessment of the specified objects of ditions and of further specifying which facresearch: extent data analysis, needs assesstors influence the translation of organisment, and subject matter analysis. Extent ational goals into work-behaviour. This data analysis (EDA) is intended for the collectransition seems rather large in the model of tion of information concerning the quantitat- Schramade (1985 [7] ). In Figure 1 , the probive and qualitative results of actual job perlem is approached, with the aid of Kaufman's formance. Needs assessment (NA) is model, from a 'process' viewpoint. For the intended for the categorisation of opinions aspects which have still not been adequately from various sources about the above-mendeveloped, the desired additional infortioned research objects. Subject matter analymation is indicated in the form of a question. sis (SMA) is intended for the analysis, in conIt is clear that the longer term organisational sultation with the appropriate experts, of goals can only be achieved through a multiwhich knowledge and skills are required in plicity of improvements, the analysis of meaorder to function optimally. sured data is just one of these. On the basis of the above-mentioned mod-A further supplement to the model of els and methods for needs analysis, the folKaufman is provided by Rossett, who conlowing research questions have been formucentrates on the views of the concerned parlated. In terms of the levels of Schramade, the ties with respect to the suspected problem problem occurs on the level of the workand the desired changes [8] . She also pays a behaviour of the employees [6] . The engingreat deal of attention to the causes which lie eers should use the DATA system, more at the root of the problem. Rossett gives a intensively. This seems to be hindered by a clear description of techniques which can be lack of knowledge of the analysis system's employed in needs analysis (data analysis, capabilities and applications. In Schramade's system analysis, task analysis and target model, this is a problem source that belongs group analysis). All these techniques have to the level of the knowledge, skill and attibeen coupled to the research questions that tude of the employees. The goal of further were formulated using the Kaufman model. optimising the process mastery, can be Further, it has been determined for each of located on level of the internal functioning of the techniques, which procedures will be the organisation. On the basis of this classiused to collect information, and which of the fication, there are several research questions concerned parties should be consulted for that must be answered:
this purpose.
Data analysis is applied in order to deter- give an objective picture of the degree to Level 'knowledge, skill and attitude of employees':
which the system is used within the present In order to determine the system's capabili- 
The most important characteristics of the analysis were the following: work experience, (from a different product division), the system's capabilities were illustrated in a previous training, having attended statistics courses, knowledge and skills concerning the graphic lay-out, and, using this information, it was determined for which purposes the system's possibilities. On the basis of his work experience with the users, the statissystem's capabilities could be used and in which situations they could be applied. On tician made an estimate of their level of statistical knowledge. Using the system output, the basis of the system's capabilities and the system output it was subsequently deterit was also determined how the system output data is interpreted, and whether further mined which statistical knowledge and skills the users should possess; and a schematic explanation of the statistical quantities and their interpretation would be desirable. illustration of potential outputs or elements was created. Per element, it was illustrated
The results of the needs analysis can be summarised as follows: which statistical quantity of the output should be analysed. On the basis of the produced diagrams, it was determined into 1. Although the problem was originally caused by inadequate facilities (the users which coordinated statistical elements the data to be interpreted from the diagrams had no access to the DATA system) and it was increasingly manifested as a comshould be divided. During the designing of the training, elements were used for the formunication problem between the system controllers and the users, the problem mulation of the goals.
Within the product division where the syscan be characterised as a training problem. In other words, there are, in the tartem expert is employed, the DATA system appeared to be used intensively and without get group, deficient knowledge, skill, and attitude aspects in relation to the use of problems. Therefore, a task analysis was conducted in that product division in order to the DATA system. 2. The DATA system is used primarily by determine how the DATA system could be used for tasks which are connected to analythe vertical engineers, while it offers useful possibilities for the entire target sis activities. As an expert in this area, the head of process-engineering was consulted, group. The task description, which was compiled in response to the needs analyand it was analysed as to which tasks and (for each task) in what manner DATA should sis, indicates all functions of the target group and at which moment and for be used. Within the product division for which the training was being developed, the which purpose the DATA system can be used. Because the use of the DATA funcdesired degree of expertise and knowledge was not present. Because the situations in the tions as a support to the analysis tasks, it can be concluded that an intensified two product divisions were not totally comparable, an analysis of tasks for which the usage fits in the job description. 3. In order to implement an intensified DATA system was or could be used was also conducted with the target group (the process application of the DATA system, the relation between their own tasks and the and equipment engineers). It was determined which goals the DATA system was currently use of DATA and the interpretation of the data must be made clear to all enginbeing used for (or would be used for in the future) by the target group, how DATA was eers. Although one of the function groups within the target group possesses being used, and to what degree the task description of the comparable product better knowledge of the system's possibilities and applications than the other division was applicable to the analysis tasks of the target group. From the viewpoint of groups, differentiation does not seem desirable, because more cooperation acceptability, the task analysis also offered the possibility at an early stage of involving from within the different function areas is desirable for the performance of prothe users in the desired changes. On the basis of both task analyses, a desired task descripcess analysis. 4. The DATA system may be used to suption was compiled for the different groups of engineers in the target group for the analysis port a process-execution based upon statistical process control, both by increasing tasks in which the DATA system can be used.
Improving workplace expertise 55 the insight into the characteristics of the objectives can roughly be divided into two categories: parameter, and by conducting problem analyses in response to a pattern of 1. knowledge of the system's capabilities, measurements on the control chart. Also, purposes, applications, output, and statfrom statistical process control consideristical quantities, and skillfulness in the ations and therefore indirectly organisinterpretation of data; ational goals, there is enough reason to 2. skillfulness in the practical application of implement an intensified application of the system's capabilities and in entering the DATA system. analysis requests. To summarise, a training programme in
The distinction is based upon the assumpthe use of DATA has the following goals:
tion that the knowledge and skill aspects a. to obtain knowledge concerning the syswhich are named in the first category form tem's possibilities, purposes, and applinecessary preconditions for the skill aspects cations in respect to the tasks of the tarof the second category. get group, in order to use the possibilities The DATA training programme consisted, correctly and in a goal-oriented manner;
in the order presented, of the following: b. to obtain knowledge of the statistical ¼ A preliminary statistics course for the requantities, terms, concepts, symbols, and activation of prerequisite statistical data that are reported in the system outknowledge. What this basically implies is put, in order to interpret the data corthat the preliminary course is conrectly; structed around statistical topics that are c. to attain skillfulness in the application of considered to be prerequisite knowledge. the system's possibilities and the
The topics are presented in a logical (or interpretation of the produced data; a content-determined) sequence. As well d. to attain skillfulness in entering analysis as a theoretical explanation of the conrequest into the system; cepts, their practical use is demonstrated e. to develop an attitude in which the readiusing examples from the production proness to use DATA for the execution of cess. Duration: two hours a week for tasks is apparent.
three weeks. The results of the needs analysis and the ¼ The DATA core training programme in above-mentioned training goals were which, using the system output, knowlpresented to the management, after which edge is obtained concerning the system's interest in a training programme in the use of possibilities and applications, and skill is DATA was expressed, and the decision was developed in the interpretation of the made to design the training programme.
system's possibilities. The system output is a central component in order to train the users in an application-oriented man-
The training programme ner. The DATA core training programme For the development of the general training goals into a design for a training programme, was filled in with a selection of examples of system output which were oriented the methodology that Posner and Rudnitsky prescribe for the development of curricula towards the specific tasks of the different function-groups. In this way, the design was applied [9] . It is clear that knowledge of the system output, the statistical quantities differentiated between the viewpoints from which the different function groups which appear in the output, and the system's possibilities are necessary conditions for the conducted their analyses. Because the groups must cooperate with one another interpretation of the produced data. These knowledge and skill aspects are essential if in order to conduct the analyses and because an analysis cannot be the users are to apply DATA. In terms of the cluster principle of Posner and Rudnitsky, approached from just one viewpoint, differentiation was only desirable to a limthe relation is based upon the learningrelated principle. In other words, the relation ited degree. Within the sequencing of the task-oriented system output, the selecbetween the objectives is based upon the manner in which the learning process occurs. tion possibilities and the statistical interpretation were treated. For the sysOn the basis of the cluster principle, the tem possibilities, the decision was made possibility that users might 'settle into' the system with time. The reaction measurement to zoom in from the total picture toward the specifics, and, for the statistical topwhich was used as an alternative, took the form of a questionnaire in which propics, to use content-dependent sequencing. Duration: two hours a week for ositions were given to the participants in the course and the head of process engineering. six weeks. ¼ A practical application section in which Judgements were requested in the form of a five point scale. The objects of evaluation DATA, as a support for SPC and as a tool for practical use, is practised and brought which were integrated into the propositions, were concerned with: into relation with the practical work situation.
1. the prerequisite knowledge; The application section was filled in after 2. the course objectives; a training in entering analysis requests, 3. the course content; by giving task-oriented assignments 4. the course materials; which had the purpose of:
5. the presentation and work-form. 1. analysing the conditions under which SPC operates;
Along with the reaction measurement as a 2. analysing the control chart of a paramore objective method, an evaluation of the meter;
frequency of the use of the DATA system 3.
analysing the interrelationship took place (before, during and after training). between parameters.
The goal of this evaluation was to form a Because it concerned real practical judgement concerning the transfer-effect of assignments the learning time could be the training. The evaluation of the frequency reduced to a minimum, and the analysis of use relied on hard data: the system records results had a high practical value. Durat what moment and by which person an ation: two hours a week for three weeks.
analysis request is made. The analysis ¼ A system manual, which was intended requests from which the frequency of use is as a guide for the performance of promeasured can be identified as non-periodic cess analysis.
analysis requests, which are, for example, conducted as an interim check, as a response A full gathering (20 people) was decided to a signalled problem in the control chart, or upon for the organisation of the preliminary as a response to a partial or complete break course in statistics and the complete course.
down (these are also referred to as 'problemFor the application section, work-groups of oriented analyses'). Periodic analyses are four people were formed, in which all of the checks which are performed every two engineering functions were represented. The weeks, every month, or every three months implementation of the training took in total on a fixed number of parameters, indetwo hours for 12 weeks.
pendent of what occurs with the process. For the most part, these periodic analyses were previously conducted by vertical process Evaluation framework engineers. During the evaluation, the freThe evaluation of the training had, on the one quency with which the problem-oriented hand, a formative goal (the revision of the analyses were conducted was measured, and course components), and on the other hand, it was determined whether periodic analyses a summative goal (the assessment of the were conducted by the various function transfer-effect of the training). In order to groups within the target group. In contrast to meet these goals, an evaluation in the form the non-periodic analyses, the frequency of of a measurement of reaction was performed.
the periodic checks was not determined, Although, from an educational point of because these checks were done for a conview, testing is a generally useful and truststant number of parameters. worthy method of determining the learning effect, it was not used here. Within the elecEvaluation results tronics company concerned, it is not customary to use a test as a gauge of learning effect a. Reaction-measurement From the evaluation results of the DATA from this sort of training (which is oriented towards job performance), because it can training programme and the applications, it appears that the training, and especially the have a threatening effect. Also, it ignores the Improving workplace expertise 57 application section, was generally judged realistic picture of the use of DATA, because of the vacation-effect. A more accurate idea positively. Because the training participants demonstrated a critical attitude during the of the transfer-effect can be obtained through comparison of the data from periods 1 and 2 training, the written reactions are assumed to have a considerable degree of validity. The (before the beginning of the DATA training programme and the application section) with most important results are (Likert scale with 5 points: 1 is lowest score; 5 is highest score): the data from periods 5 and 6 which were, respectively, 2 and 4 months after the end of good match with previous (statistical) knowledge and skills (item 1; 4.5); knowledge the training. From the data, it appears that the average acquisition (item 2a-2h; mean 3.8); useful to follow training programme (item 4.5);
use, measured for all functions, has increased. It appears that the previously recrelation to every day work-life (item 5; 4.5); content of course in relation to achievement ommended caution should also be applied here, due to the fact that strong fluctuations level of trainees (item 8a; 4.3).
The response to question 1b reflects the in use, particularly among the horizontal process engineers, can be perceived. One possheterogeneous composition of the target group. With regard to questions 2a through ible explanation for the drop in the frequency for the concerned function group in period 5, 2h, in which the training objectives are handled, it should be noted that the discould be that the daily work, which has a direct influence upon the continuity of the persed contribution of the answers was mainly caused by the variation in the freprocess, was very demanding for this particular function group during this period, and, quency of use (question 1b) before the course began. Also, it seems that the responses therefore, the analysis tasks were pushed to the side. This explanation seems acceptable, which listed answer category 0 were consistently given by the same person. When these because the drop was recorded after a vacation period (after which lost time has to results are omitted, then the responses of the participants show an (ever closer) resembe recovered through more intensive work) and because this particular function group blance to those of the head of processing. See Table 1 for more detailed information.
works close to the production process. With respect to the periodic analyses, it appears that these analyses are performed by b. Transfer-effect For the non-periodic analyses, the frequency all of the engineers after the total training programme. of use is determined by recording the number of processed analysis requests per person and per period. The data are subsequently Discussion displayed per engineer function.
For the interpretation of the data, it is of This study shows that a systematic needs analysis procedure by which the problem is interest to know that the frequency of use is not comparable between function groups, assessed leads to a sound problem definition. Such a needs analysis procedure should lead because one function may confront more situations which call for the use of the DATA to the description of the necessary knowledge, attitudes and skills of the employees, a system than another function group. In total six frequency measures have been carried out description of the improvement criteria of the work behaviour of employees for which the (period 1 to 6), respectively in April, May, June, August, September and November (see knowledge, skills and attitudes are prerequisites. And of course criteria which can be Figure 2 ). It should be noted that the training programme began on 1 May. The application applied to describe the direction in which the organisation should move to achieve the part of the course started early June and ended early July. During the second half of goals set. The improvement of the work behaviour of employees, eg. their performJune and the first half of July, the frequency of use was strongly influenced by the appliance on the shop floor, is the key to the success of the organisation. cation part of the training course. After this period, from the second half of July until the On the basis of such a solid problem definition the design, implementation and beginning of September, a staggered vacation period took place. Although the use of the evaluation of the DATA training programme has been carried out. The DATA training pro-DATA system was higher in this period than in the period before, it does not provide a gramme is a tool for the target group to use in setting up problem analyses. In addition, it DATA is not a objective in itself, but a means to achieve higher order objectives, namely is an aid for the support of statistical process control and statistical manufacturing control.
the application of DATA as a tool for the support of Statistical Process Control (SPC). The use of the DATA system is, in and of itself, not a goal, but a means with which to Following training in the use of the DATA system, the initial part of the full training reach other goals [10] . The training programme aimed at the usage of the DATA sysscheme is completed. From the evaluation it seems that the assumption may be made that tem has been judged positively by the trainees (engineers) and has contributed to an knowledge and skills necessary to use the DATA system are present. It may also be intensified usage of problem oriented and periodic DATA analysis for especially vertiassumed that, with better insight into the potentialities, goals of use and applications for cal, yield and equipment engineers. The contribution of horizontal process engineers conthis system, the engineers are therefore more prepared to put it to use in their everyday sisted mainly of a more intensive periodic application of the system. The application of situation. These factors, however, do not
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Figure 2: Non-periodic analyses requests per job group
guarantee a further increase in the use of training in the use of the DATA system guidebook, so that individuals may learn DATA; follow-up on the training is crucial to meeting this aim.
how to solve their own problems. By discussing the problems, together with colIn order to use the DATA system, some of the engineers must work and think differleagues, the use of the DATA system and the interpretation of information would then be ently from the ways to which they are accustomed. With regard to transfer and retention incorporated into the behaviour of engineers in an effective manner. On the basis of of the new knowledge and skills, it appears that in addition to individual initiative, knowledge and skills acquired through this type of training, subsequently practical influence of the engineer's environment is necessary. Periodically asking the head of assignments may be given to support a user in reaching a higher level of mastering and process engineering for the statistical analysis results might be a way to guide this. Also, application of the DATA system. When using the system guidebook, a few toward preventing problems with the use of the DATA system, such a technique might be caveats should be mentioned. It cannot be assumed that such a guidebook will be comapplicable. A similar stimulation appears to be necessary to make the use of the DATA pletely self-instructional. It is often said that a shortcoming of such guidebooks is that system an assumed part of the daily routine. This notion is confirmed by, among others, they are incapable of offering remediation or feedback to the learner about her/his activiNoel and Dennehy who suggest that the transfer of learning to the workplace will not ties. In addition, it is also often suggested that new learners do not work with these guidebe achieved without the stimulation and interest of the supervisor [11] .
books alone, they are suggested for use as reference material only (and in this area, they To advance transfer, on-the-job training may be effective. For problems or issues that are very helpful). A combination of guided instruction with self-instructional materials may be encountered by more than one individual, it may be useful to offer additional appears to be the most preferable situation.
